A new mechanism is proposed to explain the "anomaly" in Z → bb resulting in a prediction of a new, non-sequential fourth family whose masses could all be below M W , thus opening up an exciting prospect for near-future discoveries at LEP2 and possibly at the 12.15.Lk, 12.60.Rc, 13.38.Dg Typeset using REVT E X 1
Precision tests of the Standard Model (SM) have reached a level where it "might" now be possible to look for indirect evidence of new physics and/or new degrees of freedom. One example is the apparent discrepancy between theory and experiment in the value of the ratio R b ≡ Γ(Z → bb)/Γ(Z → had). This discrepancy which increases with m t , reaches the 2 σ level when m t reaches 175 GeV. If one also includes the apparent disagreement between the QCD coupling α S determined at "low" energy and evolved to M Z with that determined by the Z-lineshape, one is tempted to think that one might be already seeing some new kind of physics. It is therefore very crucial to confirm or disprove these so-called discrepancies. Let In this letter, a mechanism is proposed to explain the apparent increase of R b and to make further predictions on other branching ratios, and ultimately on the new physics concerning the mechanism itself. This mechanism is based on the assumption that there is a new, heavy, non-sequential down quark (Q = −1/3) ( part of a new family) with mass greater than 46
GeV and whosebound state(s) mixes with the Z boson. By non-sequential, we mean that the fermions of the new family does not have ( or has little) mass mixing with fermions of the other three generations. Other than this being a working assumption, a realization of this scenario is given at the end of the paper.
For this paper, we shall quote a few relevant observables [1, 2] Let us denote this non-sequential family by (R, P) for the quarks and by (N , E) for the leptons. For reasons to be given below let us assume that the (Q = −1/3) quark has a mass m P < m R . We also assume that the up-type quark R is heavy enough so that RR bound states are well above the PP open threshold. The PP bound states can be described by Richardson's potential. Such an analysis has been carried out long ago by [3] 
for the mass eigenvectors and where
with
. δm 2 is the off-diagonal element of the mass mixing matrix and is given by [3] 
where
The term inside the square brackets represents the vector coupling of the P quark to the Z boson.
Let us assume that M V > M Z and since present experiments are carried out on the Z resonance, we need only to look at Eq. (1b) to see how the presence of V 0 modifies the coupling of Z to "light" quarks and leptons. This, as we claim in this manuscript, is a possible source for the discrepancy seen in Γ(bb). From Eq. (1b), one finds the physical Z couplings to a given fermion f to be
where V and A stand for vector and axial-vector couplings respectively.
The most obvious source of the coupling of V 0 to ff is via γ and Z and evaluated at
The electroweak source alone however gives only a small change to R b and in the wrong direction, and this worsens when V 0 is close in mass to Z. A new and unconventional coupling of P to b ( and to other normal fermions as well) is needed, not only to compensate for this small electroweak change but also to bring R b closer to its experimental value. To this end, let us write
and where g
is the vector (axial-vector) coupling of the Z boson to the fermion f , and
new,f is the coupling of V 0 to a fermion f coming from some new physics. Since
, we can safely neglect the γ contribution in Eq. (6a) (it contributes negligibly to the present discussion).
For the mass range considered below (shown in the Figure) , namely
with cos θ 2 ≈ 1. Typically, θ/2 ≈ 2 − 3 × 10 −2 and the deviation of cos θ 2 from unity will be of order 10 −4 and can neglected considering the present level of precision.
The modified couplings of Z to a fermion f are now
where W stands for electroweak and the η's are complex numbers and are defined by
where the explicit forms for η In computing the Z widths using Eqs. (8a,8b) and the range of mass mentioned earlier, one can safely neglect terms proportional to (Re η) 2 and (Im η) 2 since they turn out to be at least two orders of magnitude smaller than terms proportional to Re η (assuming
(Considering the present level of precision, their inclusion is irrelevant to the present discussion.) With this remark in mind, the decay width for Z → ff is now given by
where f = q, l and where
In Eq. (10), Γ SM f contains various radiative correction factors as well as mass factors such as defined in Ref. ( [6] ). We find
where This will then be used to make predictions on various ratios mentioned above and also on the total Z width. In particular, R e,µ will be used to constrain the range of allowed M V 0 .
We shall use the following hadron ratios: R b = 0.2202 ± 0.0020, R Notice that an increase in the ratio for a down-type quark corresponds to a decrease in the ratio for an up-type quark and vice versa. This happens because Reη Let us now turn to the other members of this non-sequential family, the R quark and the leptons N and E. This is where the S and T parameters [7] come in. Since this new family is non-sequential, there is no reason to expect the mass splitting between up and down members to be "similar" to the other three families. We use the results of [ From the (not-exhaustive)examples given above, it is clear that the S and T parameters certainly allow for the existence of this new, non-sequential family and that the T parameter tends to favor a value of R mass lower than 80 GeV (and in no way should it be more than 90 GeV). This opens up the possibility that the whole family can be found by LEP2. First the R ratio would be 16/3 or at least 14/3 (if the R quark mass is above 80 GeV). Secondly, there would be two narrow resonances: the first one being the PP bound state and the second one being the RR bound state. Since these quarks do not mix with with those of the other three generations, P will be relatively stable and the search for R will be an interesting problem in hadron colliders. Finally there will be an unmistakable signature for the charged heavy lepton in LEP2. These issues will be explored elsewhere.
Finally we would like to say a few words about a possible origin of the coupling g new .
First solving for g new using Eq. have seen could be in the (low)TeV range. A model which we are currently investigating is similar in spirit to the Abbott-Farhi model except that the confining gauge group is not the electroweak group but a horizontal gauge group which we take to be SU(2) L ⊗SU(2) R . In this model, there remains a residual global horizontal SU(2) with composite fermions forming a triplet (the three standard families) and a singlet (the non-sequential fourth family) under that group. A full discussion of the model is beyond the scope of this paper.
We have presented a simple scenario to explain the "anomaly" in R b and, as a consequence, we have made a number of predictions including the presence of a new, nonsequential fourth family whose masses could be all below M W , an exciting prospect for near-future discoveries.
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